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[57] o ABSTRACT

A digital multiplying circuit comprises an input termi-
nal serially applied with input vectors which are ele-
ments of a finite field GF(2#), where h is a natural num-
ber, an output terminal for producing a signal obtained
by multiplying a desired multiplying constant to one
input vector, and h multiplying circuit parts each com-
prising a multiplier and a data selector for selectively
producing an input or output signal of the multiplier
responsive to an external selection signal. The h multi-
plying circuit parts are coupled in series between the
input terminal and the output terminal, and an r-th mui-
tiplier among the multipliers with the h multiplying
circuit parts has a multiplying constant a?, where r=1,
2, ..., h, ais a primitive element of the finite field
GF(Z”) and z=2(r—1), At least one of the data selectors
within the h multiplying circuit parts comprises a con-
trol terminal and is forced to produce a zero output
signal responsive to an external control signal applied to

the control terminal.

4 Claims, 3 Drawing Sheets
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1
DIGITAL MULTIPLYING CIRCUIT

BACKGROUND OF THE INVENTION

The present invention generally relates to- digital
multiplying circuits, and more particularly to a digital
multiplying circuit which multiples an arbitrary multi-
plying constant including zero to an h-bit vector which
is an element of a finite field (Galois field) GF(2%) by use
of multipliers and data selectors, where h is a natural
number.

A digital multiplying circuit for multiplying an arbi-
trary multiplying constant to a digital data, is conven-
tionally used for various purposes. For example, in the
field of data transmission such as data communication,
PCM recorder and digital and audio discs, an error
correction code is used to correct a code error in the
transmitted data and restore the transmitted data into
the correct data. The digital multiplying circuit 1s used
to generate a check vector which constitutes the error
correction code. The error correction code comprises
the check vector and the data which is to be transmit-
téd, which data is a generating element of the check
vector, and various kinds of error correction codes are
conventionally known. Among the various error cor-
rection codes, the Reed Solomon code has superior
correcting capability and redundancy (the proportion
of the check vector with respect to the check vector
and the data to be transmitted) of the transmitting infor-
mation. A description will now be given with respect to
a multiplying circuit in a Reed Solomon code generat-
ing circuit.

First, the conventional principle for generating the
Reed Solomon code will be described. A code word
(block) of the Reed Solomon code is described by the

following row matrix (1), where d; through d,, repre-
sent m h-bit data vectors which are to be transmitted,
Pothrough P, represent n h-bit check vectors, and h, m,
and n are natural numbers.

ldyd. .. dmPoPy. . . Pyl (1)
In the Reed Solomon code defined in the finite field
(Galois field) GF(2%), each of the above vectors is an
element of the finite field GF(2%), and it is know that the
following condition (2)must be satisfied among h, m,
and n.

2f_1Zm+4n+1 (2)
At the time of transmission (including recording), the
check vectors Pg through P, are added with respect to
the data vectors di through d,,. The check vectors Py
through P, are generated so as to satisfy the following
equation (3), where a represents a primitive element of

the finite field GF(2%).
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a (3)
1 ! .11 1)
d3
am-+n am-l-n-ul alt an—l 1
al(m+n) H2(m+n—-1) = 420 H2(n-1) = | .
dpm |
Py
atm+n) qu(im+tn-—-1)  un atr— 1 .
Py
0
0
0
0
0

When the above equation (3) may be rewritten as the
following equations (4), where the symbol “@” repre-
sents an addition in the finite field GF(2%) and the sym-
bol “(” represents a multiplication in the finite field

GF(2h).

(4)
di b d... PdnBP0B...EPL=0

am Q| § ... D a" Odn @ " O D ... D Py =0

atm+edi @... a4, D ... PPr=0

A check matrix Hg is a matrix of the (n+ 1)-th row and
the (m+n+1)-th row in the left (upper) term of the
equation (3), and may be described by the following
equation (5).

1 1 | 1 A |

am+n  gmtn—1 ,oalttl a?r .. a1

gl(m+n) q2(m+n—1)  20(n+1) 20 g2 |
Hp =

gt{m+n) gn(m+n=1)  gnln+l) qnn gn |

The following check matrix Hg' is obtained when an

operation of adding a predetermined row of the matrix

described by the equation (5) which predetermined row
is multiplied by a certain constant and another predeter-
mined row of the matrix which other predetermined

- row is multiplied by a certain constant, is performed

several times.
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(6)
Bom+n) Bom+n—1)Bor+ny 1 0 0 ... O
Bim+n) Bim+a—)B1n+1n 0 1 0 ... O s
Hy =
Br(m+n) Bum+n—1)Ban+1 0 0 0 ... 1

10

Since Hyp' 1s also a check matrix, the following equation
(7) stands.

d (M 15
)
“ 0
: 0
Hy {dm |={" 20
Py _ -
. 0
Pr

25

From the equations (6) and (7), it is hence possible to
obtain the check vectors Pg through P,

30
Phy = Bom+medi ®...® Lon+y©dm — (8 —1)
Pr = Bim+n@d1 D ... D Bin+1)Odm — (8 — 2)

35
Py = Bn(m-f—u)@dl D... @ﬁn(n+1)@dm — @ —-—n+1)

In the equations (8-1) through (@-n+1), Lopn+n)
through Bn(r+1) are m(n-+ 1) constant vectors.

In the conventional Reed Solomon code generating:
circuit, the check vectors Pg through P, are generated
based on the equations (8-1) through (8-n+1). A digital
multiplying circuit is provided within the conventional
circuit in order to multiply the constant vectors 43
Bom+n) through Bun41) with the data vectors d
through d,, in the equations (8-1) through (8-n+1).
Conventionally, a first type of the digital multiplying
circuit employs a read only memory (ROM) which
pre-stores a table of m values obtained by multiplying 50
Bk(m-n) through Brx+1) to corresponding arbitrary
data vectors of the finite field GF(2%). A second type of
the conventional digital multiplying circuit employs a
first ROM which pre-stores a logarithmic table, an add-
ing circuit, and a second ROM which pre-stores an
antilogarithm table.

However, in order to pre-store the m values obtained
by multiplying Bk(m+n) thmugh B k(n+1) to corresponding
arbitrary data vectors of the finite field GR(2 ) the ROM of the first
type of digital multiplying circuit must have a large
memory capacity. For example, in a case where h=38,
m=28, and n==3, that is, in the case of a (32, 28) Reed
Solomon code in the finite field GF(2?), it is necessary
to provide four ROMs within the Reed Solomon code
generating circuit because the check matrix Hy' is a four
row by thirty-two column matrix as may be seen from
the equation (6) and each of the vectors which are ele-
ments of the finite field GF(28) comprises eight bits.

55

65

4
Each ROM is supplied with an 8-bit vector input and a

5-bit column control signal required for discriminating
the thirty-two columns, and is designed to produce an
8-bit vector. Hence, each ROM must have a memory
capacity of 65,536 (=8x213) bits. However, with the
present integrated technology, it 1s difficult to manufac-
ture a ROM having such a large memory capacity in the
form of a large scale integrated (LSI) circuit with the
present L.SI technology, and the manufacturing cost of
the L.SI ROM circuit is extremely high.

On the other hand, the second type of digital multi-
plying circuit comprises two ROMs and an adding cir-
cuit as described before. In a case where h=3_8, the two
ROMs are each constituted by 256 X 8 gates when the
ROMs are manufactured in the form of LSI circuits.
The adding circuit is constituted by approximately 200
gates when the adding circuit is manufactured in the
form of an LSI circuit. Hence, it is also difficult to
manufacture the second type of digital multiplying cir-
cuit in the form of an LSI circuit.

SUMMARY OF THE INVENTION

Accordingly, it is a general object of the present
invention to provide a novel and useful digital multiply-
ing circuit in which the problems described heretofore
are eliminated.

Another and more specific object of the present in-
vention is to provide a digital multiplying circuit in
which h multiplying circuit parts each comprising a
multiplier and a data selector are coupled in series, a
multiplying constant of an r-th multiplying circuit path
is selectively controlled to 1 or azby an external control
signal, and vectors which are elements of the finite field
GF(2%) are sequentially supplied as an input signal to a
multiplying circuit part in the initial stage, where h is a
natural number, a 1s a primitive element of a finite field
GF(2"),z=2(r—1andr=1, 2,..., h. According to the
digital multiplying circuit of the present invention, the
4o digital multiplying circuit can be manufactured by an
extremely small number of gates compared to the con-
ventional digital multiplying circuit. Hence, the digital
multiplying circuit of the present invention can be man-
ufactured in the form of an LSI circuit by use of an
extremely small number of gates, and the size and manu-
facturing cost of the LSI digital multiplying circuit can
be reduced.

Still another object of the present invention is to
provide a digital multiplying circuit in which at least
one of the data selectors of the h mulitiplying circuit
parts has such a terminal that an output vector (signal)
of the data selector is forcibly made zero when an exter-
nal control signal is applied to the terminal. According
to the digital multiplying circuit of the present inven-
tion, it is possible to multiply zero to the input vector.

Other objects and further features of the present in-
vention will be apparent from the following detailed
description when read in conjunction with the accom-
panying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11s a system block diagram showing an example
of a conventional digital multiplying circuit;

FIG. 2 1s a system block diagram showing an example
of another conventional digital multiplying circuit;

FIG. 3 1s a system block diagram showing an embodi-
ment of a digital multiplying circuit according to the
present invention;



4,866,654

S

FIG. 4 is a system circuit diagram showing an em-
bodiment of an essential part of the digital multiplying
- circuit according to the present invention; and

FIGS. 5A and 5B are circuit diagrams showing exam-
ples of multipliers which may be employed in the digital
multiplying circuit according to the present invention.

DETAILED DESCRIPTION

First, a description will be given with respect to a

conventional digital multiplying circuit by referring to
FIG. 1. In FIG. 1, m h-bit data vectors d; through d,,
which are elements of a finite field GF(2"), are applied
sequentially to an input terminal 11 and are supplied to
a read only memory (ROM) 12. The ROM 12 pre-stores
a table of m values (vectors) obtained by multiplying
Bi(m+n) through Br»41) to corresponding arbitrary
data vectors of the finite field GF(2%), where k assumes
one value out of 0, 1, 2, . . ., n. n ROMs each having the
same construction as the ROM 12 are provided in addi-
tion to the ROM 12 parallel within the Reed Solomon
code generating circuit described before. The ROM 12
is designed to selectively and successively produce m
vectors in the table responsive to a column control
signal applied to an input terminal 13.

The constant vectors Bi(n+nr) through Bi(n+1)in the
equations (8-1) through (8 —n+1) assume one of the
values 0, 1 (=a9), a, . . ., ai—2, where i=2%. Hence, an
h-bit signal which is obtained by multiplying one value
out of the constant vectors Biun+n) through Bin+1) by
one value out of the data vectors dj through d,, is ob-
tained through an output terminal 14.

Another conventional digital multiplying circuit 1s
shown in FIG. 2. In FIG. 2, the data vectors dj through
d,, are applied sequentially to an input terminal 15 and
are supplied to a ROM 17 which pre-stores a logarith-
mic table. Exponential values corresponding to the
input data vectors are read out from the ROM 17 and
are supplied to an adding circuit 18. The adding circuit
18 performs a modulo-(2#— 1) addition of the exponen-
tial values from the ROM 17 and h-bit exponential val-
ues applied to an input terminal 16. An h-bit output
signal of the adding circuit 18 is supplied to a ROM 19
which pre-stores an antilogarithm table. An antiloga-
rithm data corresponding to the h-bit signal supplied to
the ROM 19, is read out from the ROM 19 and is ob-
tained through an output terminal 20 as a product of the
multiplication.

The exponential data applied to the input terminal 16
is selected to exponential values in accordance with the
constant vectors Bx(n+ n) through B+ 1). For example,

10

*

15

20

25

%)
1 1 .. 1 1
a/n1 am—2 ..o a1
a(m— ) g2(m-2) = 42 1
Hy =
gn(m—1) qtim=—2)  gn 1

In the equation (9), a is a primitive element of the finite
field GF(2%), as in the case of the equations (3) through
(5) described before. The intermediate operation vec-
tors Qg through Q, can be described by the following
equation (10) by use of the (n+1) row by m column
matrix H; and the data vectors d; through dp,.

(10)
o dy
1 dz
07} d3
= Hi®| |
On dm

30 The following equation (11) can be obtained by rewrit-

35

40

43

50

in the case of a constant vector a¥, a data indicating kis -

applied to the input terminal 16 and an h-bit multiplied
signal described by a* @d is obtained through the out-
put terminal 20, where d is one vector out of the input
data vectors dy through d,. '

However, the conventional digital multiplying cir-
cuits shown in FIGS. 1 and 2 suffer the various disad-
vantages described before.

Next, a description will be given with respect to an
embodiment of the digital multiplying circuit according
to the present invention in which the disadvantages of
the conventional digital multiplying circuits are elimi-
nated. In FIG. 3, intermediate operation vectors Qo
 through Qp are applied sequentially to an input terminal
21. A matrix H described by the following equation (9)
will be defined to explain the intermediate operation
vectors Qo through Qp,.
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ing the equation (10).

. (11

Qo = d b dy P ... P dny
o = am! Od® a2 OhB...®dn
O, = a1 Odi®d a"m-2D Odh ... dn

When the equation (11) is compared with the equa-
tion (4) described before, it may be seen that the equa-
tion (11) performs a part of the operation (operation on
only the data vectors d; through d,,) in the equation (4)
and is obtained by dividing the first through n-th rows
of the equation (4) by 1, ar+1, ..., a®r+1), respec-
tively. Accordingly, the following equation (12) stands.

(12)

] 1 |
% n n—1 Po
1 a” a coe 1 0
a1 01 Py 0
c:z("'*'l)@Qz aln a.z("“_‘l) N | Py 0
4> o1 |[|=].
2+ DO g Pn) \O
i am o= | 1

The equation (12) is a (n+ 1)-element system of equa-
tions, and the following equation (13) can be obtained
from the equation (12), where —Qp=Qp, —a#+!1 @Q-
1=an+1 ©Qy ..., _an(n—i—l)@Qn:an(n-l-l)@Qm
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(13)
HhEePD...0F =0

'O P a'10P @... 0 Py = at+1OQ

8
The elements of the finite field GF(2%) can be de-
scribed by 0, 1 (=a9), a, a2, ..., ai—2, Hence, the
multiplication in the finite field GF(2#) is performed
with one of 0, a9, a, a?, ..., 60¢—2, and it is unnecessary

5 to perform a multiplication with ai—! which is equal to

1. And, in the case where zero is multiplied in the pres-

' ‘ ent embodiment, a low-level signal is applied to the

nn @ Ma-DOP @ ... @ P = g+ @ input terminal 25 so as to forcibly make the output

TP @ 1@ OF=a On vector of the data selector 221 zero and hence multiply
10 zero.

When the equation (13) is solved, the check vectors The data selector comprising the strobe terminal
Po through P, are described by linear combinations of =~ STRB is not limited to the data selector 22;. The strobe
the intermediate operation vectors Qg through Qn, and  terminal STRB may be provided on one of the data
the following equations (14-1) through (14—n+-1) are selectors 22; through 22;. Further, the strobe terminal
obtained. STRB may be provided on two or more data selectors.

Po=apn®R Da®@ ®... Dapr®@sr — (4-1)
P =a10000 21101 B ... B aixn®OCn — (14 = 2)
Pr=a0 @0 D an1 Q1 P... B 2aa®O0Ch — (4 —n+4+1)

The check vectors Pgothrough P, can be calculated from
the equations (14-1) through (14-n+1). In the present
embodiment, a description will be given with respect to
a multiplying circuit which performs multiplications of
the intermediate operation vectors Qg through Q, and
the (n+ 1)? constant vectors agg through a,p.

The intermediate operation vectors Qp through Qj,
are applied sequentially to the input terminal 21. The
intermediate operation vectors Qp through Q are also
elements of the finite field GF(24). h multiplying circuit
parts each comprising a data selector 22, and a multi-
plier 23,are coupled in series between the input terminal
21 and an output terminal 26, wherer=1, 2, ..., h. The
data selectors 22 through 225 selectively produce an
input vector or an output vector of the corresponding
multipliers 231 through 23;, responsive to a 1-bit exter-
nal selection signal supplied to a select terminal SL of
the data selectors 22y through 22 through correspond-
ing input terminals 24 through 24;. For example, the
data selectors 221 through 224 selectively produce the
input vector of the corresponding multipliers 23,
through 23, when the external selection signal assumes
a logic level “0” and selectively produce the output
vectors of the corresponding multipliers 23; through
23, when the external selection signal assumes a logic
level “1”, The data selector 22; in the initial stage com-
prises a strobe terminal STRB. For example, the value
of the output signal of the data selector 22; is forcibly
made zero when a 1-bit control signal supplied to the
strobe terminal STRB through an input terminal 25
assumes a logic level “0”.

Among the multipliers23; through 233, the r-th multi-
plier 23, is designed to multiply a? with respect to the

input signal thereof, where a is a primitive element of 60

the finite field GF(2%) and z=2("—1), Accordingly, de-
pending on the value of the selection signal applied to
the select terminal SL, the data selector 22, selectively
produces a vector obtained by not performing a multi-
plication with respect to the input vector (that is, a
vector obtained by multiplying “1” to the input vector)
or a vector obtained by multiplying a? with respect to
the input vector of the multiplier 23..
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The constant vectors agg through ap, assume one of
the values O, 1, a, a2, . . ., ai—2, In other words, the
multiplying constant is obtained by the entire circuit
shown in FIG. 3 by controlling the data selectors 22
through 22;. For example, when it is assumed in the
equation (14-1) that the constant vector aggis equal to a,
the constant vector ag is equal to a3, the constant-vec-
tors agz through ag(— 1) are respectively equal to 1, and
the constant vector ap, is equal to a2, only the data
selector 221 i1s controlled to selectively produce the
output vector of the multiplier 23; when the intermedi-
ate operation vector Qpis applied to the input terminal
21. The remaining data selectors 22; through 22; are
controlled to selectively produce the input vectors (out-
put vectors of the data selectors 22; through 225_1) of
the corresponding multipliers 232 through 23;. As a
result, a vector a ® Qg (=app ®Qp) is obtained from the
output terminal 26.

Next, when the intermediate operation vector Qj is
applied to the input terminal 21, the data selectors 22
and 22, are controlled to selectively produce the output
vectors of the corresponding multipliers 23; and 23,.
The remaining data selectors 223 through 224 are con-
trolled to selectively produce the input vectors of the
corresponding multipliers 233 through 233;. Accord-
ingly, the intermediate operation vector Q applied to
the input terminal 21 is multiplied by a and a2 in the
respective multipliers 23 and 235, and a vector a® Qq
(=ap; Q1) is obtained from the output terminal 26.
Thereafter, the intermediate vectors are applied to the
input terminal 21 in the sequence Q—Q3— ... —Qp_1.
However, the constant vectors ag; through ag;—1) to
which the intermediate operation vectors Q> through
Qr—1 are multiplied, are respectively equal to 1 as de-
scribed before. Hence, the data selectors 22; through
225 are controlled to selectively produce the input vec-
tors of the corresponding multipliers 23 through 23;.
Therefore, the intermediate operation vectors Q2
through Q.1 successively pass through the data selec-
tors 221 through 224 and are obtained unchanged from
the output terminal 26.
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Next, the intermediate operation vector Q is apphed
to the input terminal 21, and only the data selector 22;
is controlled to selectively produce the output vector of
the multiplier 23;. Thus, the intermediate operation
vector Q, applied to the input terminal 21 successively
passes through the data selector 221, the multiplier 23
and the data selectors 22; through 22, and is obtained
from the output terminal 26. In other words, the inter-
mediate operation vector Q, is converted into a vector
a2 ®Q, (=ags ®Qp) and is obtained from the output
terminal 26.

Similarly, when multiplying the constant vectors aio
through a,, with the intermediate operation vectors Qo
through Q, the data selectors 221 through 22, are con-
trolled depending on the value of each of the constant
vectors so as to obtain the desired multiplication resuit.
In a case where the constant vector is equal to zero, a
vector of the value zero is obtained from the output
terminal 26 because a low-level control signal is applied
to the input terminal 235. N

Next, a description will be given with respect to the
construction of the multipliers 23y through 235. For
example, it will be assumed that h=4. Further, 0, 1, a,
. .., al4 which are elements of the finite field GF(24)
will be defined as follows by use of a maximum pulse
sequence of a fourth order primitive polynomial

g(x)=x%+x-1.

= (0000, 1 = a’=(001)
a = (0010), a? = (0100
ad = (1000), at = (0011)
ad = (0110, a® = (1100
al/ = (1011, a® = (0101)
@ = (1010, al®© = @©111)
all = (1110), al?2 = Q111
ald = @101, a4 = (001

Generally, a multiplication in the finite field GF(2%) is
described in the form of an h by h square matrix (15) in
the finite field GF(2), where an element of the finite
field GF(2%) is an h-dimension vector of the finite field
GF(2).

(15)

In the matrix(15), bj1 through by each are one bit and
assume the value “0” or “1”. Accordingly, a multiplica-
tion in the finite field GF(24) can be described by a 4 by
4 square matrix in the finite field GF(2). Further, in the
case where h=4, the multiplying constants of the multi-
pliers 231, 23;, 233, and 234 are a, a2, a4, and a’, respec-
tively. Thus, when the bits in the 4-bit input vector of
the multiplier are designated by x4, X3, x2, and x1 from
the most significant bit (MSB), a multiplication of a#to
the 4-bit input vector can be described by the following
equation (16):

4,866,654
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y (16)
0010 X4
1001 A3
1100 X,
0100 X;
1100 x4
| o110 x3
= | 1011 X7
1001 X1
x4 D x3
- x3 D x2
| x4 B x2 P Xy
x4 B x1

Accordingly, as shown in FIG. 4, the multiplier 233 for
multiplying a* can be constituted by five 2-input exclu-
sive-OR circuits 31 through 35. In FIG. 4, the bits in the
4-bit input vector are applied to respective input termi-
nals 301 through 304 so that the least significant bit
(LSB) is applied to the input terminal 30; and the MSB
is applied to the input terminal 304.

As may be seen from the equation (16), the MSB of
the 4-bit output signal of the multiplier 233 can be de-
scribed by x4x3. The input terminals 304 and 303 are
respectively coupled to input terminals of the exclusive-
OR circuit 31, and the MSB of the output signal of the
multiplier 233 is obtained from the exclusive-OR circuit
31. The input terminals 303 and 30, are respectively
coupled to input terminals of the exclusive-OR circuit
32. The input terminal 304is coupled to one input termi-
nal of the exclusive-OR circuit 34 and to one Input
terminal of the exclusive-OR circuit 35. The mput ter-
minal 30; is coupled to one input terminal of the exclu-
sive-OR circuit 33. In addition, the input terminal 301 is
coupled to the other input terminal of the exclusive-OR
circuit 33 and to the other input terminal of the exclu-
sive-OR circuit 35. An output terminal of the exclusive-
OR circuit 33 is coupled to the other input terminal of
the exclusive-OR circuit 34. Accordingly, the output
signals of the exclusive-OR circuits 31, 32, 34, and 35
are supplied to input terminals 4B, 3B, 2B, and 1B of the
data selector 223 as a vector which is multiplied with a*
as described by the matrix of the equation (16).

The bits in the 4-bit input vector are also supplied to
respective input terminals 1A through 4A of the data
selector 223, through the input terminals 30; through
304. A known integrated circuit (IC) provided with a
strobe terminal, such as 74LS157 manufactured by
Texas Instruments of the United States, may be used for
the data selector 223 and the other data selectors 221,
22,, and 224. Bits in an output signal of the data selector
223 are produced through terminals 1Y through 4Y and
are obtained from output terminals 361 through 36a4.

Similarly, a multiplication of a to the 4-bit input vec-
tor can be described by the following equation (17).

(17)

x4
X3
x2

0100 X3

0010
1001

1000

A2

x4 D X1
X4

a-X =



4,866,654

11

Accordingly, the multiplier 23, for multiplying a may
be constructed as shown in FIG. 5A. In FIG. §SA, input
terminals 383, 382 and 384 are directly coupled to respec-
tive output terminals 404, 403, and 40;. On the other
hand, input terminals 38; and 384 are coupled to an
output terminal 40 through an exclusive-OR circuit 39.

A multiplication of a to the 4-bit input vector can be
described by the following equation (18).

»

(18)
0010 y | * *2
2 y_ | 1001 { X3 | _[ X
- X=11100 [ | x3 |=| x4 ® x3
0100

X1 X3

Thus, the multiplier 23; for multiplying a2 may be con-
structed as shown in FIG. 5B. In FIG. 5B, an input
terminal 413 is directly coupled to an output terminal
444. Input terminals 411 and 444 are respectively coupled
to an output terminal 443 through an exclusive-OR cir-
cuit 43. Input terminals 413 and 414 are coupled to an
output terminal 44, through an exclusive-OR circuit 42.
Moreover, the input terminal 413 is directly coupled to
an output terminal 44,.

The multiplier 234 for multiplying a8to the 4-bit input
vector can be constructed in a manner similar to the
multipliers 231 through 233 described heretofore.

Next, a description will be given with respect to the
number of gates required when the present embodiment
of the digital multiplying circuit is to be manufactured
in the form of a large scale integrated (LSI) circuit. The
number of exclusive-OR circuits required for the multi-
plication in the finite field GF(2%), is equal to the num-
ber of “1”s minus 1 for each row in the equation (15)
described before. Since the equation (15) is a regular
matrix, there is at least one “1” in each row in the equa-
tion (15). Thus, for an average value of the multiplying
constants which are likely to be used, there are
(h/2)+0.5 “1”s for each row in the equation (15), and it
1s necessary to provide (h/2)—0.5 exclusive-OR cir-
cuits. Accordingly, the number of exclusive-OR circuits
required to perform a multiplication in the finite field
GF(2%) is hx{(h/2)—0.5] in the average. However, the
value hx{(h/2)—0.5] is in the average, and the number
of exclusive-OR circuits required to perform a multipli-
cation in the finite field GF(2#) in the range of one
which 1s the minimum and hx(h— 1) which is the maxi-
muin.

In the present embodiment, hx[(h/2)—0.5]xh exclu-
sive-OR circuits are required because h multipliers 23;
- through 23 are used. It is known that in an LSI circuit,
an exclusive-OR circuit can be constituted by four
gates, a memory can be constituted by one gate for one
bit, and a data selector can be constituted by approxi-
mately three gates for one bit. Therefore, since the
present embodiment of the digital multiplying circuit
comprises h h-bit data selectors 22; through 22z and h
multipliers 23; through 23y, the digital multiplying cir-
cut can be constituted by approximately
4h2x[(h/2)—0.5[+3h2 gates. When generating the (32,
28) Reed Solomon code in the finite field GF(28), for
example, where h=38, m=28 and n=3, the digital multi-
plying circuit can be constituted by approximately 1088
gates.

The number of gates required in the present embodi-
ment is considerably small compared to 65,536 X 4 gates
required in the conventional circuit shown in FIG. 1
and the number of gates required in the conventional
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circuit shown in FIG. 2. Hence, the present embodi-
ment of the digital multiplying circuit can easily be
manufactured in the form of an LSI circuit with the
present LSI technology.

The present invention is described heretofore with
respect to the case where the digital multiplying circuit
according to the present invention is applied to a multi-
plying circuit within a Reed Solomon code generating
circuit. However, the digital multiplying circuit accord-
ing to the present invention can be applied to a general
multiplying circuit for processing a digital signal.

Further, the present invention is not limited to these
embodiments, but various variations and modifications
may be made without departing from the scope of the
present invention.

What is claimed is:

1. A digital multiplying circuit comprising:

input terminal means sequentially applied with input

vectors which are elements of a finite field GF(25),
where h is a natural number:

output terminal means for producing a signal ob-

tained by muitiplying a desired multiplying con-
stant to one input vector; and

h multiplying circuit parts each comprising an input

terminal, an output terminal, a multiplier and a data
selector which has a first input terminal directly
coupled to said input terminal of each multiplying
circuit part, a second input terminal coupled
through said multiplier to said input terminal of
each multiplying circuit part, a selection terminal,
and an output terminal utilized as said output termi-
nal of each multiplying circuit part, thereby to
selectively produce an input or output signal of
said multiplier responsive to an external selection
signal, said h multiplying circuit parts being cou-
pled in series between said input terminal means
and said output terminal means,

an r-th multiplier among the multipliers within said h

multiplying circuit parts having a multiplying con-
stant a?, where r=1, 2, ..., h, a is a primitive
element of the finite field GF(2%) and z=2(-1),
at least one of the data selectors within said h multi-
plying circuit parts comprising a control terminal,
said at least one data selector being forced to pro-
duce a zero output signal responsive to an external
control signal applied to said control terminal.

2. A digital multiplying circuit as claimed in claim 1
in which each of the multipliers within said h multiply-
ing circuit parts is constituted by a predetermined num-
ber of 2-input exclusive-OR circuits, said predetermined
number falling within a range from a minimum of one to
a maximum of hx(h—1).

3. A digital multiplying circuit as claimed in claim 1
in which said input terminal means is sequentially ap-
plied with intermediate operation vectors Qp through
Q» which are obtained from the following equation by
use of m h-bit data vectors d; through d,, within a Reed
Solomon code and a (n+4 1) row by m column matrix,
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ago through a,, in the following equation to each of said
intermediate operation vectors Qg through Q,

1 | N S |

d1
g‘: am—1 am-2 ...oa 1 dy 5 Po=apn®Co®aneli®...0 w00,
9)) at(m=1 o2m=2) .. a* 1 d3 PL=3100 Q0 ®an® 01 S ... D a1a®Qn
— ®
Qﬂ ’ ’ . T dm 10 i
at{m=1) gn(m-2) = qgn | Po=a00C0 B ani®01® ... D apmeCn

said data vectors dy through d,, being described by a  where symbols “@” represent additions in the finite

_ 15 field GF(25).
row matrix [d1d;. .. dmPoP1. .. Pn], where Pothrough 4. A digital multiplying circuit as claimed in claim 1

P, represent n h-bit check vectors, m and n are natural in which said at least one data selector comprising said
numbers and symbols “® ” represent multiplications in conirol terminal is forced to produce a zero output

the finite field GF(24), and said h multiplying circuit signal responsive to said external control signal when

2 said desired multiplying constant is equal to zero.
parts as a whole successively multiply constant vectors * x %k *
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